SUMMARY Pregnancy hypertension, blood pressure during labor, and the umbilical cord blood lead concentration were assessed in 3851 women for whom additional demographic, medical, and personal information was available. Lead levels correlated with both systolic (Pearson r-0.081, p = 0.0001) and diastolic (r = 0.051, p = 0.002) blood pressures during labor. The incidence of pregnancy hypertension increased with lead level. Multivariate models of pregnancy hypertension and systolic blood pressure as a function of maternal age, parity, hematocrit, ponderal index, race, and diabetes were improved by including lead as a predictor variable. At these observed levels of exposure (mean blood lead, 6.9 ± 3.3 [SD] ng/d\; range, 0-35 /xg/dl), lead appears to have a small but demonstrable association with pregnancy hypertension and blood pressure at the time of delivery, but not with preeclampsia. (Hypertension 10: 447-451, 1987) KEY WORDS preeclampsia lead • blood pressure • pregnancy hypertension • hematocrit I N 1886 Lorimer 1 reported on the association between excessive lead exposure and the incidence of hypertension. Several recent studies have examined this association in the general population. The Second National Health and Nutrition Examination Survey, a large, nationwide American survey including 2900 men and women aged 21 to 74 years, found that blood lead (BL) and resting blood pressure (BP) were significantly related (r = 0.13 for women and 0.15 for men, /?<0.OOO5).
Several studies have shown similar patterns among other populations. For example, a survey of 431 Paris policemen aged 24 to 55 years with a mean BL of 19 /xg/dl found BL and BP to be related (partial r = 0.16) after correcting for age and for wine and tobacco intake. 56 Again, variations in BL were linked more strongly to variations in systolic BP (r = 0.23) than to variations in diastolic BP (r = 0.10). In a British survey of 7371 middle-aged men whose median BL was 14 /u.g/dl, BL and systolic BP were weakly correlated (r = 0.03, p<0.01). 7 Those authors remarked that there is no indication that exposure to lead at concentrations commonly encountered is responsible for increased BP. Nevertheless, taken together the results of these four studies suggest that as BL rises from 5 to 15 /xg/dl, BP rises by 3 mm Hg.
A 5-year longitudinal study of 89 Boston policemen involved repeated measurements of resting BP. 8 Multivariate analysis found that after correcting for previous BP, body mass index, age, and smoking, lead levels above 30 /xg/dl predicted systolic, but not diastolic, BP.
We explored the association between BL and BP in a different population, women in labor. Not only were the women in this study younger (mean age, 28 ± 5 [SD] years), but their mean BL of 7 ± 3 (SD) /ig/dl was much lower than in other surveys. Also, BP in this population was measured under a condition of stress, labor. In addition, we considered the diagnosis of 448 HYPERTENSION VOL 10, No 4, OCTOBER 1987 pregnancy hypertension. Although sometimes a forerunner of sustained hypertension at older ages, pregnancy hypertension appears to be a unique entity. 9 ' 10 To our knowledge, only one study describing the relationship between lead and pregnancy hypertension has been published." Hair samples from 13 hypertensive mothers and 12 of their newborns were compared with samples from 73 pairs of normotensive mothers and infants for cadmium and lead. Although lead levels were about twice as high in the hair of the children of hypertensive mothers than in the hair of children of normotensive mothers, this difference was not statistically significant.
Subjects and Methods
The population consisted of 4354 women whose babies were delivered consecutively at the Boston Hospital for Women, between April 1979 and March 1981. Extensive demographic, pregnancy, and delivery information collected by structured interview and record review 12 included maternal age, prepregnancy weight and weight gain during pregnancy, number of cigarettes smoked per day and alcoholic drinks consumed per week in the third trimester, number of cups of coffee consumed per day in the first trimester, number of live births, maternal hematocrit, duration of each stage of labor, race, type of delivery, and presence of diabetes. Quetelet's ponderal index (weight/ height 2 in kg/m 2 ) was used as a measure of corpulence at the time of delivery. 13 Complete data sets were available for 3210 women; partial information including BL and BP was available for 3851 women.
The outcome measures, systolic and diastolic BP values, and the clinical diagnoses of hypertension and preeclampsia were obtained from the obstetrical record. Diastolic and systolic BPs were defined as the last values recorded in the labor progress notes. BP measurements were made with clinical grade instruments under various conditions by nurses and physicians providing patient care. The precision of these measurements would not be expected to be better than several millimeters of mercury. The clinical diagnoses were made by the physicians providing care. The trimester in which the diagnosis was first made was noted. Women who were diagnosed as hypertensive before pregnancy according to their charts were considered to have preexisting hypertension. Some of these women also had pregnancy hypertension. Women who were not noted to be hypertensive except during the postpartum period were not considered to have had pregnancy hypertension. Women noted to have had preeclampsia, toxemia, or eclampsia were combined into one group. Information about the use of antihypertensive medication was not available.
Umbilical cord BL was our measure of lead burden. Lead crosses the placenta readily, and numerous studies have demonstrated that umbilical cord lead concentration correlates well with circulating maternal venous BL.
14 The analytical method for BL has been reported previously in detail." Briefly, from each 5-ml sonicated sample, two aliquots were digested with a mixture of nitric and perchloric acids in a modified microwave oven under vacuum. The lead was determined in duplicate by an anodic stripping voltammeter (Model 2014; ESA, Bedford, MA, USA).
In preliminary analyses we grouped women into quartiles by their BL. For dichotomous outcome variables, such as the diagnosis of preeclampsia, we partitioned the total chi square to test whether the incidence of unfavorable outcome increased linearly with BL level. Logistic regression was used to assess the contribution of potential confounders to the BL-BP association when a dichotomous outcome was considered.
For continuous outcome variables, such as BP, we performed one-way analysis of variance, with post hoc comparisons of group means (Tukey-honestly significant difference [HSD], a = 0.05). The multivariate method used for these outcomes was multiple linear regression. The SAS statistical package was used.
The association between each covariate and the outcome was determined first by Spearman rank correlations. Those variables whose correlation coefficient was significant with ap less than 0.15 were included in the multivariate models. This nonparametric method 16 we also included variables with higher p values if the criterion of biological plausibility was satisfied. 16 BL concentrations were transformed by In (1 + BL) because some values were zero and the distribution was skewed.
Results
Overall, nearly 4% of the mothers had preeclampsia and almost 11% had pregnancy hypertension. The prevalence of hypertension as well as the mean systolic and diastolic BP values increased significantly across BL quartiles ( Table 1 ). The occurrence of preeclampsia, however, did not vary with BL quartiles.
The correlation between BL and systolic BP was small (r = 0.081) but statistically significant (p = 0.0001; Table 2 ). In our sample, hematocrit, ponderal index, and use of tobacco correlated with both BL and BP. Parity and age correlated significantly with systolic BP, but less prominently with BL. Coffee and tobacco consumptions correlated with lead and diastolic BP, but not with systolic BP. Birthweight correlated with systolic BP, but not with diastolic BP or BL. Gestational age also correlated with systolic BP and BL, but not with diastolic BP.
Compared with nonblacks, black women had higher BL and BP values (Table 3) . Diabetes was unrelated to BL but was associated with higher systolic BP values. Variables that were not related systematically to either BL or BP included cesarean section, use of forceps, duration of different stages of labor, and paternal age. The mean BL among the 401 women who were diagnosed as hypertensive at any time during their pregnancy was 7.56 ± 0.19 (SE) compared with 6.94 ± 0.05 for the 3950 normotensive women. There were three women for whom BL, but not diagnostic information, was available.
Both BL and BP had significant seasonal variations (see Table 3 ). In this population BL was higher in the summer and fall months, when both systolic and diastolic BPs were lower. We therefore examined the effect of season on the correlation between BP and BL and found that during winter and spring they correlated significantly (systolic: r = 0.12,/? = 0.0001; diastolic: r = 0.07, p = 0.001). However, the correlation between BL and BP was diminished during the summer and fall (systolic: r = 0.05, p = 0.04; diastolic: r = 0.03, p = 0.2).
The addition of BL to the model that best predicted systolic BP achieved nominal statistical significance but increased the variance explained by only 0.3% (Table 4 ). The coefficients of the other variables did not change appreciably when BL was added to the model, indicating that the BL-systolic BP association was independent of the other variables. The addition of a term for season did not alter the model fit or change the other coefficients. Adding BL to a multiple regres- sion model for diastolic BP with an identical set of independent variables insignificantly increased the explained variance. The diagnosis of hypertension during pregnancy was also modeled with and without a BL term. Race, diabetes, and the ponderal index were the independent variables with highly significant coefficients (Table 5) . Adding the BL term significantly improved the model. The confidence interval for the BL term did not include zero. Adding the BL term did not change the values of the other risk factors. With the use of this BL coefficient, the relative risk for pregnancy hypertension, after adjusting for these other risk factors, was calcu- Values are means ± SE. n = number of subjects with BP data in each group. The number with lead values is slightly higher, as shown in Table 2 . lated (Table 6 ). The relative risk doubled when BL approached 15. The contributions of BL to multivariate models of preexisting hypertension or preeclampsia were not significant. Discussion These data were collected in an unbiased fashion by caregivers who were not aware that we would later test hypotheses relating BP and BL. Nevertheless, several features of this study limit the inferences that can be drawn from our findings. First, pregnancy hypertension was extracted from the patients' records. The diagnosis was made independently by each patient's physician, and uniform (operational) criteria were not agreed on by all physicians. Second, good data about antihypertensive medications were not available to us. Third, the outcome variable of the last BP recorded during labor should not be equated with the highest BP at rest. Fourth, imminent delivery is not a uniformly stressful experience for all women. Fifth, our only measure of lead burden was umbilical cord blood levels. This single measure of lead burden would not correlate perfectly with the burden at the site of action during the months before delivery when lead might first influence BP.
The time of year appears to influence both BP and BL. However, after adjusting for the other independent variables, the addition of a season term had a negligible influence on each model's goodness of fit. The bivariate correlation between BL and BP was diminished during the summer and fall. Boston has strong seasonal differences in climate and people's physical activity. Perhaps some unidentified factor related to season modifies the BL-BP relationship.
In these women systolic and diastolic BPs recorded during the hours preceding delivery and clinically defined pregnancy hypertension were associated with lead burden. The effect was statistically strong. It was small in magnitude, about 3 mm Hg for a 10 /xg/dl range in lead, which is approximately the same magnitude associated with diabetes. Although others have shown a similar correlation of BL with systolic BP in older people who had higher BL than did our subjects, 2 -6 -8 these findings should be interpreted with caution pending confirmation in similar populations.
Preeclampsia and toxemia were not associated with lead in this population. This finding is consistent with the observation that pregnancy hypertension and preeclampsia are different entities and not different zones along a continuum. 9 -10 These results indicate that there is a weak though significant association between lead and pregnancyrelated hypertension at lead levels not currently recognized as overtly toxic. Although this association is not likely to influence the clinical management of hypertension, it indicates that lead does affect multiple physiological functions.
